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(57) Abstract 

The present invention provkies a method of ftmning a medk:al device and medical devices whidi can be famed in aocoidance widi 
the method. In one embodimem, Ote method includes the stq» of: a) providing a metal febric fanned of a plurality of strands fcmned of 
a metal which can be heat treated to substantially set a desired shape; b) deforming the metal fabric to generally conform to a surface of 
a molding element; c) heat treating the metal fabric in contaa widi the surface of die molding element to substantially set the shape of 
the fabric in its defonned state; and d) removing die metal fabric from contact with the moldnig element. The resulting metal fabric will 
define a medical device which can be coU^ised for passage through a catheter or die like for deploymem in a channel of a patient's body. 
Medical devices made in accordance wldi Uiis method can have varying stnicnm». In one embodiment, die medical device (250) is carried 
by a guklewire (260) and has a metal fabric (270) extoulmg between fiist and second ends (272, 274), one end (274) of the device (250) 
bemg 8d£q>ted to slide along the guidewire (260). The metal fabric (270) has a cdlapsed configuration in which the ends (272, 274) of the 
metal fateic (270) ait spaced from one another akmg the gmdewire (260) and a preset expanded configuration in ^R^iich die ends (272, 274) 
of die metal fabric (270) are positioned closer to one anodier. The metal fabric (270) will cause die device (2S0) to elastically substantially 
resume its preset expanded configuration when released ton confinement within a diannel in a patient's body. 



BNSOOCItt -cWO 9601591A1J.> 



I 



FORTHE PURPOSES OF mFORMATlON ONLY 

Codes used to klentify aaw party to the KH- on the ftoitt 
applications under the PCT. 



AT 
AU 
BB 
BE 
BP 
BG 
BJ 
BR 
BY 
CA 
CF 
CO 
CH 

a 

CM 
CN 
CS 
CZ 
DC 
DK 
ES 

n 

FR 
GA 



Ausirift 

Aisttilift 

Bubato 



BmfcinaFaso 
Bol^iia 



CentrtI Afiictn Rqwblic 

OoOgQ 

Swbzctlsnd 
Cated*lmiie 



China 

Czficfaoslovakia 
Czedt Republic 
Gcnntoy 



Rnted 
Gabon 



GB 
GE 
GN 
OR 
HU 
IB 

rr 
JP 

K£ 
KG 
KP 

KR 

KZ 

U 

LK . 

LU 

LV 

MC 

MD 

MG 

ML 

MN 



Uniteil KjDgdon 

Gcoxgia 

Giiioea 

Greece 

Httogaiy 



Baljr 
Japan 
Kenya 
Kyisyson 

Dcmocmic Pfeoplc's RepjWic 
of KflTca 

Repoblk of KoR» 



LiBChwnWffin 



Utvia 



Rcpobfic of MoUovm 
Mjdagsscar 

Mofigola 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


NeiherUnds 


NO 


Norway 


NZ 


NewZealand 


PL 


Fdand 


FT 


IVMagal 


RO 


Romania 


RU 
SD 


Russian Fedension 
Sudan 


S£ 

a 

SK 


Swedeo 
Slovenia ' 
Slovifcta 


SN 


Seaegd 


TD 


Cbad 


TO 


Togo 


TJ 


Tajikistan 


TT 


Tttttidad and Tobago 


UA 


Ukrame 


US 


Uimed Sttfci of Americi 


UZ 


Uzfartisas 


VN 


Via Nam 



BNSDOCID: <W0 ^9601»1A1 J.» 



wo 96/01591 



PCT/US95/08613 



METHOD OF FORMING MEDICAL DEVICES; 
INTRAVASCUL AR OCCLUSION DEVICES 

FIELD OF THE INVENTION 

The present invention generally relates to intravascular devices for treating 
certain medical conditions and, more particulariy, provides a method of forming 
intravascular devices and certain novel intravascular occlusion devices. The devices 
made in accordance with the invention are particularly well suited for delivery through 
a catheter or the like to a remote location in a patient's vascular system or in 
analogous vessels within a patient's body. 

BACKGROUND OF THE INVENTION 

A wide variety of intravascular devices are used in various medical procedures. 
Ceitain intravascular devices, such as catheters and guidewires, are generally used 
simply to deliver fluids or other medical devices to specific locations within a patient's 
body, such as a selective site within the vascular system. Other, frequently more 
complex, devices are used in treating specific conditions, such as devices used in 
removing vascular occlusions or for treating septal defects and the like. 

In certain circumstances, it may be necessary to occlude a patient's vessel, such 
as to stop blood flow through an artery to a tumor or other lesion. Presently, this is 
commonly accomplished simply by inserting, e.g. Ivalon particles, a trade name for 
vascular occlusion particles, and short sections of coil springs into a vessel at a desired 
location. These "embolization agents'* will eventually become lodged in the vessel, 
fiequendy floating downstream of the site at which they are released before blocking 
the vessel. In pait due to the inability to precisely position the embolization agents, 
this procedure is often limited in its utili^. 

Detachable balloon catheters are also used to block patients' vessels. When 
using such a catheter, an expandable balloon is carried on a distal end of a catheter. 
When the catheter is guided to the desired location, the balloon is fdled with a fluid 
untU it substantially fills the vessel and becomes lodged therein. Resins which will 
harden inside the balloon, such as an acrylonitrile, can be employed to permanently fix 
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the size and shape of the baUoon. The baUoon can then be detached fiom the end of 

the catheter and left in place. 

Such baUoon embolizations are also prone to certain safety problems, though. 
For example, if the balloon is not fOled enough, it wiU not be firmly fixed in the 
vessel and may drift downstream within the vessel to another location, much like the 
loose embolization agents noted above. In order to avoid this problem, physicians may 
overfill the balloons; it is not uncommon for balloons to nipture and release the resin 

into the patient's bloodstream. 

In stiU other procedures, it may not be necessaiy to permanendy occlude a 

0 vessel, but it may be necessary to provide a fdter or the like to prevent duombi fiom 
passing a particular location. For example, rotating burrs are used in removing 
atheroma fix>m the tamen of patients' blood vessels. These burrs can effectively 
dislodge the atheroma, but the dislodged material will simply float downstream with 
the flow of blood through the vessel unless steps are taken to capture the material. 

15 some researchers have proposed various traps or fUters for capturing the 

particulate matter released or created in such procedures. However, such fdters 
generally have not proven to be exceptionally effective in actual use. Such fto tend 
to be cumbersome to use and accurate deployment is problematic because if they are 
not properly sealed in the vessel they can drift to a more distal site where they are 
20 likely to do more harm than good. In addition, these fdters are generally capable of 

only trapping relatively large thrombi and are not effective means for removing smaUer 
embolic particles ftom the blood stream. 

The problems with temponuy filters, which are intended to be used only during 
a particular procedure then retracted with the thrombi trapped dierein, are more 
25 pronounced. Even if the trap does effectively capture the dislodged material, it has 
proven to be ndatively difficult or complex to retract the trap back into the catheter 
through which it was deUvered without simply dumping die trapped duombi back into 
the blood stream, defeating die purpose of the temponuy filter device. For tfiis 
reason, most atherectomy devices and the like tend to aspirate the patient's blood 
30 during the procedure to remove the dislodged material entrained tiierein. 

Mechanical embolization devices, filters and traps have been proposed in tiie 
past. Even if some of tiiose devices have proven effective, they tend to be rather 
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expensive and time-consuming to manufacture. For example, some intravascular blood 
filters suggested by others are formed of a plurality of specially-shaped legs which are 
ad^ted to fdl the vessel and dig into the vessel walls. In making most such filters, 
the legs must be individually formed and then painstakingly attached to one another, 

5 ftequently entirely by hand, to assemble the final filter. Not only does this take 

significant skilled manpower, and hence increase the costs of such devices, the fact 
that each item must be made by hand tends to make quality control more difficult. 
This same difficulty and expense of manufacturing is not limited to such fdters, but is 
experienced in many other intravascular devices as well. 

10 Accordingly, it would be desirable to provide a method for forming devices for 

dq)loyment in a vessel in a patient's vessel which is both economical and yields 
consistent, rqmxlucible results. It would also be advantageous to provide a reliable 
embolization device which is both easy to dq^loy and can be accurately placed in a 
vessel. Furthermore, there is a need in the art for a trap or filter which can be 

15 deployed within a vessel for captamg thrombi, which txzp can be reliably dq)loyed; if 
the trap is to be used only temporarily, it should be readily withdrawn from the patirat 
without simply dbmping the trapped thrombi back into the blood stream. 

SUMMARY OF THE mVENTION 
The present invention provides a method for forming intravascular devices from 

20 a resilient metal fabric and medical devices which can be formed in accordance with 
this method. In the method of tiie invention, a metal fabric formed of a plurality of 
resilient strands is provided, with the wires being formed of a resilient material which 
can be heat treated to substantially set a desired sh^. This fabric is then deformed to 
generally conform to a molding surface of a molding element and the fabric is heat 

25 treated in contact with the surface of the molding elment at an devated tenq>erature. 
The time and temperature of die heat treatment is selected to substantially set die fabric 
in its deformed state. After the heat treatment, the fabric is removed fiom contact 
with the molding element and will substantially retain its shape in the ddbrmed state. 
The fabric so treated defines an expanded sute of a medical device which can be 

30 dq)loyed through a catheter into a channel in a patient's body. 

In accordance with the method of the invmtion, a distal end of a catheter can 
be positioned in a channel in a patient's body to position tiie distal end of the cath^r 
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adjacent a treatment site for treating a physiological condition. A medical device made 
in accoidance with the process outlined above can be collapsed and inserted into the 
lumen of the catheter. TTje device is urged through the catheter and out the distal end, 
whereupon it wiU tend to return to its expanded state adjacent the treatment site. 

Further embodiments of the present invention also provide specific medical 
devices which may be made in accoidance with the present invention. Such devices of 
the invention are fomed of a metal fabric and have an expanded configuiation and a 
collapsed configuration. The devices are collapsed for dqjloyment through a catheter 
and, upon exiting the distal end of the catheter in a patient's channel, will resiliently 
substantially return to their expanded configuration. In accordance with a first of these 
embodiments, a generally elongate medical device has a generally tubular middle 
portion and a pair of expanded diameter portions, with one expanded diameter portion 
positioned at either end of the middle portion. In another embodiment, the medical 
device is generaUy bell-shaped, having an elongate Iwdy having a tapered first end and 
a larger second end, the second end presenting a fabric disc which will be oriented 
generally peipendicular to an axis of a channel when deployed therein. 

jRP TCP DESCMFnON OF TEIF DRAWINGS 
Figures 1 A and IB each depict a metal fabric suitable for use with the 
invention; 

Figures 2A and 2B are a side view and a perspective view, respectively, of a 
molding element and a length of a metal febric suitable for use in fonning a medical 
device in accoidance with the invention, die mold being in a disassembled state; 

Figure 3A is a peispecdve view showing tiie molding element and metal fabric 
of Figure 2 in a partially assembled state; 

Figure 3B is a close-up view of the highUghted area of Figure 3A showing ti» 
compression of the metal fabric in the molding element; 

Figure 4 is a cross-sectional view showing the molding element and metal 
fiibric of Figure 2 in an assraibled state; 

Figures 5A and 5B are a side view and an end view, respectively, of a medical 
device in accordance with tfie invention; 
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Figures 6A-6C are a side view, an end view and a perspective view, 
respectively, of a medical device in accordance with another embodiment of the 
invention; 

Figure 7 is a side, cross sedional view of a molding element suitable for 
5 foraiing the medical device shown in Figures 6A-6C; 

Figure 8 is a schematic illustration showing the device of Figures 6A-6C 
deployed in a channel of a patient's vascular system to occlude a Patent Ductus 
Arteriosus; 

Figures 9A and 9B are a side view and an end view, respectively, of a medical 
10 device in accordance with yet another embodiment of the invention; 

Figure lOA is a side view of one molding element suitable for forming the 
invention of Figures 9A and 9B; 

Figure lOB is a cross-sectional view of another molding element suitable for 
forming the invention of Figures 9A and 9B; 
15 Figure IOC is a cross-sectional view of still another molding element suitable 

for forming the invention of Figures 9A and 9B; 

Figaxe llA is a schematic side view of yet another medical device made in 
accordance with the invention showing the device in a collapsed state for deployment 
in a patient's vascular system; 
20 Figure 1 IB is a schematic side view of the medical device of Figure 11 A in an 

expanded state for dq)loyment in a patient's vascular system; 

Figure 12A is a schematic side view of an alternative embodiment of the 
invention of Figure 1 1 A showing the device in a collapsed state within a catheter for 
dq>loymeat; 

25 Figure 12B is a schematic side view of the device of Figure 12A showing tiie 

device deployed distaUy of the catheter. 

Figure 13 is a schematic perq)ective view showing a medical device in 

accordance with yet a further raibodiment of the invention colhq)sed within a catheter 

for deployment in a channel in a patient's body; 
30 Figure 14 is a schematic side view of the device of Figure 13 in a partially 

deployed state; and 
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Figure 15 is a schematic side view of the device of Figure 13 in a fully 
deployed state. 

DETAILED DESCWnON OF T HE PREFERRED EMBODIMENTS 
The present invration provides a rq)roducible, relatively inexpensive method of 
5 fonning devices for use in channels in patients' bodies, such as vascular channels, 
urinary tracts, biliary ducts and the like, as well as devices which may be made via 
that method. In forming a medical device via the method of the invention, a metal 
fabric 10 is provided. The fabric is formed of a plurality of wire strands having a 
predetermined relative ori^itation between the strands. Figures lA and IB illustrate 
10 two examples of metal fabrics which are suitable for use in the method of the 
invention. 

In the fabric of Figure 1 A, the metal strands define two sets of essentially 
parallel generally helical strands, with the strands of one set having a "hand", i.e. a 
direction of rotation, of^site that of the other set. Hiis defines a generally tubular 

15 fabric, known in the fabric industry as a tubular braid. Such tubular braids are well 
known in the fabric arts and find some s^lications in the medical device field as 
tubular fabrics, such as in reinforcing the wall of a guiding catheter. As such braids 
are well known, they need not be discussed at length here. 

The pitch of the wire strands (i.e. the angle defined between the turns of the 

20 . wire and the axis of the braid) and the pick of the fabric (i.e. the number of turns per 
unit length) may be adjusted as desired for a particular application. For example, if 
the medical device to be formed is to be used to occlude the channel in which it is 
placed, the pitdi and pick of the fabric will tend to be higher than if die device is 
simply intended to filter bodily fluid passing therethrough. 

25 For example, in using a tubular braid such as that shown in Figure 1 A to form 

a device such as that illustrated in Figures 5 A and SB, a tubular braid of about 4 mm 
in diameter with a ptch of about SO"" and a pick of about 74 (per Imear inch) would 
seem suitable for a devices used m occluding cbarmels on the order of about 2 mm to 
about 4 mm m inner diameter, as detailed below in connection with the raibodiment of 

30 Figures 5 A and SB. 
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Figuie IB illustrates another type of fabric which is suitable for use in the 
method of the invention. This fabric is a more conventional fabric and may take the 
fonn of a flat woven sheet, knitted sheet or the like. In the woven fabric shown in 
Figuie IB, there are also two sets 14 and 14* of generally parallel strands, with one set 
S of strands being oriented at an angle, e.g. generally peipendicular (having a pick of 
about 90°), with respect to the other set. As noted above, the pitch and pick of this 
fabric (or, in the case of a knit fabric, the pick and the pattern of the kit, e.g. Jersey 
or double knits) may be selected to optimize the desired properties of the final medical 
device. 

10 The wire strands of the metal fabric used in the present method should be 

formed of a material which is both resilient and can be heat treated to substantially set 
a desired shape. Materials which are believed to be suitable for this puq>ose include a 
cobalt-based low thennal expansion alloy referred to in the field as Elgiloy, nickel- 
based high-temperatuie high-strength "superalloys" commercially available from 

15 Haynes International under the trade name Hastelloy, nickel-based heat treatable alloys 
sold under the name Incoloy by Intemational Nickel, and a number of different grades 
of stainless steel. The important factor in choosing a suitable material for the wires is 
that the wires retain a suitable amount of the deformation induced by the molding 
surface (as described below) when subjected to a predetermined heat treatment. 

20 One class of materials which meet these qualifications are so-called sha^ 

memory alloys. Such alloys tend to have a temperature induced phase change which 
will cause the material to have a preferred configuration which can be fixed by beating 
the material above a certain transition temperature to induce a change in the phase of 
the material. When the alloy is cooled back down, the alloy will "remember" the 

25 shape it was in during the heat treatment and will tend to assume that configuration 
unless constrained from so doing. 

One particularly preferred sbBp& memory alloy for use in the present metftod is 
nitinol, an approximately stoichiometric alloy of nickel and titanium, which may also 
include other minor amounts of other metals to achieve desired properties. NiTl alloys 

30 such as nitinol, including i^ropriate compositions and handling requirements, are well 
known in the art and such aUbys need not be discussed in detail here. For example, 
U.S. Patents 5,067,489 (Lind) and 4,991,602 (Amplatz et al.), the teachings of which 
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aie incorporated herein by reference, discuss the use of shape memory NiTi aUoys in 
guidewires. Such NiTi alloys are preferred, at least in part, because they are 
commerciaUy available and more is known about handling such alloys than other 
known shape memory aUoys. NiTi alloys arc also very elastic - they are said to be 
5 -superelastic- or "pseudoelastic". This elasticity will help a device of the invention 
letum to a present e^qanded configuration for d^loyment. 

Tlie wire strands can comprise a standard monofilament of the selected 
material, i.e. a standard wire stock may be used. If so desired, though, the individual 
wire strands may be formed from "cables" made up of a pluraUty of individual wires. 
10 For example, cables formed of metal wires where several wires are heUcally wrapped 
about a central wire are commercially available and NiTi cables having an outer 
diameter of 0.003 inches or less can be purchased. One advantage of certain cables is 
that they tend to be "softer" than monofilament wires having the same diameter and 
formed of the same material. AdditionaUy, if the device being formed from the wire 
15 strands is to be used to occlude a vessel, the use of a cable can increase the effective 
surfiice area of the wire strand, which wiU tend to promote thrombosis. 

In preparation of forming a medical device in keeping with the invention, an 
appropriately sized piece of the metal ftbric is cut from the larger piece of fabric 
which is formed, for example, by braiding wire strands to form a long tubular braid. 
20 The dimensions of the piece of fabric to be cut wiU depend, in laiBe part, upon the 
size and stape of the medical device to be formed therefrom. 

When catting the febric to the desired dimensions, care should be taken to 
ensure that the fM)ric Witt not unravel, in thecaseof tubular braids formed of NTH 
alloys, for example, the individual wire strands wiU tend to return to their heat-set 
25 configuration unless constrained. If the braid is heat treated to set the strands in the 
braided configuration, they will tend to remain in the braided form and only the ends 
will become frayed. However, it may be more economical to simply form the braid 
without heat treating the braid since the febric will be heat treated again in fomiing the 
medical device, as noted below. 
30 In such untreated NiTi fabrics, the strands wUI tend to return to thdr unbraided 

configuration and the braid can umravd feirly quickly unless the ends of the length of 
braid cut to form the device are constrained relative to one another. One method 
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which has proven to be useful to prevent the braid from unraveling is to clamp the 
braid at two locations and cut the braid to leave a length of the braid having clamps 
(15 in Figure 2) at either end, thereby effectively defining an empty ^ace within a 
sealed length of fabric. These clamps 15 will hold the ends of the cut braid together 
5 and prevent the braid from unraveling. 

Alternatively, one can solder, braze, weld or otherwise affix the ends of the 
desired length together (e.g. with a biocompatible cementitious organic material) 
before cutting the braid. Although soldering and brazing of NiTi alloys has proven to 
be fairly difficult, the ends can be welded together, such as by spot welding with a 

10 laser welder. 

The same problems present themselves when a flat sheet of fabric such as the 
woven fabric shown in Figure IB is used. With such a fabric, the fabric can be 
inverted upon itself to form a recess or dq)ression and the fabric can be clamped about 
this recess to form an empty pocket (not shown) before the fabric is cut. If it is 

15 desired to keep the fobric in a gaierally flat configuration, it may be necessary to weld 
the junctions of the strands together adjacent the periphery of the desired piece of 
fabric before that piece is cut from the larger sheet. So connecting the ends of the 
strands together will prevent fabrics formed of untreated shape manory alloys and the 
like from unraveling during the forming process. 

20 Once an i^iopriately sized piece of the metal fabric is obtained, the fabric is 

deformed to generally conform to a surface of a molding element. As will be 
appreciated more fully firom the discussion below in connection with Figures 2-16, so 
deforming the fabric will reorient the relative positions of the strands of the metal 
fabric from their initial order to a second, reoriented configuration. The shape of the 

25 molding element should be selected to deform the fabric into substantially the shape of 
the desired medical device. 

The molding elCTieot can be a single piece, or it can be formed of a series of 
mold pieces which togetiier define the surface to which the fabric wUl generally 
conform. The molding elment can be positioned within a space enck>sed by the fabric 

30 or can be external of such a space, or can even be both inside and outside such a 
space. 
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In order to illustrate one example of how such a mold may be configured and 
how it may be used in accordance with the method of the invention, reference wiU be 
had to Figures 2-5. In Figures 2-4, the molding element 20 is formed of a number of 
separate pieces which can be attached to one another to complete the molding element 
20. In using such a multi-piece molding element, the mold can be assembled about the 
cut length of febiic 10, thereby deforming the fabric to generaUy conform to the 
desired surface (or surfaces) of the molding element. 

In the molding element illustrated in Figures 2-4, the metal fabric 10 is 
deformed to generally conform to a surface of the molding element 20, the moldmg 
element comprising a center section 30 and a pair of end plates 40. Turning fust to 
toe center section 30, tiie centCT section is dearably formed of opposed halves 32, 32 
which can be moved away ftom one another in order to introduce the metal fabric 10 
into ti»e mold. Although these two halves 32, 32 are shown in the drawings as being 
coinpietely separated from onei another, it is to be understood that these halves could 
be interconnected, such as by means of a hinge or the like, if so desired. The o^wsed 
halves of the molding element 20 shown in the drawings of Figures 2 and 3 each 
mclude a pair of semi-circular recesses opposed on either side of a ridge defining a 
g^ially senu-ciicular opening. When the two halves are assembled in forming the 
device, as best seen in Figure 3, the semi-circular openings in the opposed halves 32, 
32 mate to drfine a generally circular fonning port 36 passing tiuough the center 
section 30. Similarly, the senni-circular recesses in the two halves togetiier form a pair 
of generally dicubr central recesses 34, with one such recess being disposed on either 
face of the center section. 

The overall shapo and dimmsions of Ae center section can be varied as desired; 
it is generally the size of the central recesses 34 and the forming port 36 which will 
define the size and shape of the middle of the fmished device, as explained below. If 
so deared, each half 32 may be provided with a manually graspable projection 38. In 
the embodiment shown in the drawings, this projection 38 is provided at a location 
disposed away from the abutting faces of the respective halves. Such a manually 
graspable projection 38 will simply enable an operator to more easUy join tite two 
halves to define the recesses 34 and forming port 36. 
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The center section is adapted to cooperatively engage a pair of end plates 40 for 
forming the desired device. In the embodiment shown in Figures 2 and 3, the center 
section 30 has a pair of flat outer faces 39 which arc each adapted to be eaigaged by an 
inner face 42 of one of the two end plates 40. Each end plate includes a compression 
5 disk 44 which extends generally laterally inwardly from the inner face 42 of the end 
plate. This compression disk 44 should be sized to permit it to be received within one 
of the central recesses 34 on either face of the center section 30. For reasons 
explained more fiilly below, each compression disk 44 includes a cavity 46 for 
receiving an end of the length of the metal fabric 10. 

10 One or more channels 48 for receiving bolts and the like may also be provided 

through each of the end plates and through the center section 30. By passing bolts 
through these channels 48, one can assemble the molding element 20 and retain the 
metal fobric in the desired shape during the heat treatment process, as outlined below. 
In utilizing the molding element 20 shown in Figures 2-4, a length of the metal 

15 fabric 10 can be positioned between the opposed halves 32 of the center section 30. In 
the drawings of the molding elraieat 20 of Figures 2-4, the metal fabric 10 is a tubular 
braid such as that illustrated in Figure 1 A. A sufficient length of the tubular braid 
should be provided to permit the fabric to conform to the mpldmg surface, as 
e^^Iained below. Also, as noted above, care should be taken to secure the ends of the 

20 wire strands defming the tubular braid in order to prevent the m^ fabric from 
unraveling. 

A central portion of the length of the m^ braid may be positioned within one 
of the two halves of the fonnmg port 36 and the opposed halves 32 of the center 
section may be joined to abut one another to restrain a central portion of the metal 

25 braid within the cmtral forming port 36 through the cent^ section. 

The tubular braid will tend to have a natural, relaxed diameter which is 
defined, in large part, when the tubular braid is formed. Unless the tubular braid is 
otherwise deformed, when the wire strands are in their relaxed state they will tend to 
define a generally hollow tube having the predetermined diameter. The outer diameter 

30 of the relaxed braid may be, for example, about 4 nun. The relative size of the 
forming port 36 in the central section 30 of the molding element and the natural. 
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relaxed outer diameter of the tubular braid may be varied as desired to achieve the 
desired shape of the medical device being formed. 

In the embodiment shown in Figures 2 and 3, the inner diameter of the forming 
port 36 is optimally slightly less than the natural, relaxed outer diameter of the tubular 

5 braid 10. Hence, when the two halves 32, 32 are assembled to form the center section 
30, the tubular biaid 10 will be slightly compressed within the forming port 36. TTiis 
will help ensure that the tubular braid conforms to the inner surface of the forming 
port 36, which defines a portion of the molding surface of the molding element 20. 
If so desired, a generally cylindrical internal molding section (not shown) may 

10 also be provided. This internal molding section has a slightly smaller diameter than 
the inner diameter of the forming port 36. In use, the internal molding section is 
placed within the length of the metal fabric, such as by manually moving the wire 
strands of the fabric apart to form an opening through which the internal molding 
section can be passed. This internal molding section should be positioned within the 

15 tubular biaid at a location where it will be disposed within the forming po rt 3 6 -of the - 
cent^ section when the molding elraient is assembled. There should be a sufficient 
space between the outer surface of the interior molding section and the inner surface of 
the forming port 36 to permit the wire strands of the fabric 10 to be received 
theiebetwem. 

20 By using such an internal molding section, the dimensions of the central portion 

of the finished medical device can be fairly accurately controlled. Such an internal 
moldmg section may be necessary in circumstances where the natural, relaxed outer 
diameter of tiie tubular braid 10 is less than the inner diameter of the forming port 36 
to ensure that the braid conforms to the inner surface of that forming port. However, 

25 it is not believed that such an internal molding section would be necessary if the 

natural, lelaxed out«- diameter of the braid were larger than the inner diameter of the 
forming port 36. 

As noted above, the ends of the tubular braid should be secured in order to 
prevent the braid from unraveling. Each end of the metal fabric 10 is desirably 
30 received within a cavity 46 formed in one of the two end plates 40. If a clamp (15 in 
Figure 2) is used, the clamp may be sized to be rdatively snugly received within one 
of these cavities 46 in owler to effectively attach the end of the fabric to the end plate 
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40. The end plates can then be urged toward the center section 30 and toward one 
another until the compression disk 44 of each end plate is received within a central 
recess '34 of the center section 30. The molding element may then be clamped in 
position by passing bolts or the like through the channels 48 in the molding element 
5 and locking the various components of the molding element together by tightening a 
nut down onto such a bolt (not shown). 

As best seen in Figure 3A, when an end plate is urged toward die center section 
30, this wiU compress the tubular braid 10 generally along its axis. When the tubular 
braid is in its relaxed configuration, as illustrated in Figure lA, the wire strands 
10 forming the tubular braid will have a Hrst, predetermined relative orientation with 
respect to one another. As the tubular braid is compressed along its axis, the febric 
will tend to flare out away ftom the axis, as illustrated in Figure 4. When the fabric is 
so deformed, the relative orientation of the wire strands of the metal fabric will 
change. When the molding element is firially assembled, the metal fabric will 
15 genially conform to the molding surEace of this element. 

In the molding element 20 shown in Figures 2-4, Ae moldirig surface is defined 
by the inner surface of the forming port, the inner surfaces of the CMtral recess 34 and 
the faces of the compression disks 44 which are recdved within the recesses 34. If an 
internal molding section is used, the cylindrical outer sutfoce of tfiat section may also 
20 be considered a part of the molding surfece of the molding elemait 20. Accordingly, 
when the molding elment 20 is completely assembled the metal fabric will tend to 
assume a somewhat "dumbbeir-shaped configuration, with a relatively narrow center 
section disposed between a pair of bulbous, perhaps even disk-shaped end sections, as 
best seen in Figure 4. 

25 It should be understood that the specific sh^ of the particular molding element 

20 shown in Figures 2-4 is intended to produce one useful medical device in 
accordance witii the present method, but that other molding elements having different 
configurations could also be used. If a more complex shape is desired, the moldirig 
element may have more parts, but if a simpler shape is being formed the molding 

30 element may have even fewer parts. The number of parts in a given molding element 
and the shs^ of those parts will be dictated almost wtirely by tiie shape of tiie 
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desired medical device as the molding element must defme a molding surface to which 
the metal fabric will generally conform. 

Acconlingly, the ^ific molding element 20 shown in Figures 2-4 is simply 
intended as one specific example of a suitable molding elranent for forming one 
paitiailar useful medical device. Additional molding elwnents having different designs 
for producing different medical devices are explained below in connection with, e.g., 
Figures 8 and 10. Depending on the desired shape of the medical device being 
formed, the shape and configuration of other specific molding elements can be readily 
designed by those of ordinary skiU in the ait. 

Once the molding element 20 is assembled with the metal fabric generaUy 
conforming to a molding surface of that element, the fabric can be subjected to a heat 
treatment while it remains in contact with that molding surface. This heat treatment 
wiU depend in large part upon the material of which the wire strands of the metal 
fabric are formed, but the time and temperature of the heat treatment should be 
selected to substantially set the fabric in its deformed state, i.e., wherein the wire 
strands aie in their reoriented relative configuration and the fabric generaUy conforms 
to the molding surface. 

The time and temperature of tiie heat treatment can vary greatiy depending 
upon tfie material used in forming tiie wire strands. As noted above, one preferred 
class of materials for forming the wire stands are shape memory alloys, with nitinol, a 
nickel titanium aDoy, being particularly preferred. If nitinol is used in making die 
wire strands of the fabric, tiie wire strands will tend to be very elastic when tiie inetal 
is in its austrautic phase; tiiis very elastic phase is frequenfly referred to as a 
-supetdastic" or "pseudoelastic" phase. By heating the nitinol above a certain phase 
transition temperature, tiie crystal stnictore of tiie nitinol metal when in its austenitic 
phase can be set. Hiis will tend to "set" die shape of the fabric and tiie relative 
configuration of tiie wire strands in tf» positions in which tiiey are held during tiie heat 
treatment. 

Suitable heat treatments of nitinol wire to set a deured sta?* are weU known in 
tiie art. Spirally wound nitinol coils, for example, are used in a number of medical 
applications, such as in forming the coils commonly carried around distal leogtiis of 
guidewires. A wide body of knowledge exists for forming nitinol in such medical 
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devices, so there is no need to go into gneat detail here on the parameters of a heat 
treatment for the nitinol fabric preferred for use in the present invention. 

Briefly, though, it has been found that holding a nitinol fabric at about SOO^'C 
to about 550**C for a period of about 1 to about 30 minutes, depending on the softness 
5 or harness of the device to be made, will tend to set the febric in its deformed state, 
i.e. wherein it conforms to the molding surface of the molding element. At lower 
temperatures the heat treatment time will tend to be greater (e.g. about one hour at 
about 350'C) and at higher temperatures the time will tend to be shorter (e.g. about 30 
seconds at about 900''C). These parameters can be varied as necessary to 

10 accommodate variations in the exact composition of the nitinol, prior heat treatment of 
the nitinol, the desired properties of the nitinol in the finished article, and other factors 
which will be well known to those skilled in this field. 

Instead of relying on convection heating or the like, it is also known in the art 
to apply an electrical cunent to the nitinol to heat it. In the present invention, this can 

IS be accomplished by, for example, hooking electrodes to the clamps IS carried at either 
end of the metal iabric iUustrated in Figuie 2. The wire can iben be heated by 
resistance heating of the wires in order to achieve the desired heat trBatmeiit, which 
wiU tend to eliminate the need to heat the entire molding elemmt to the desired heat 
treating temperature in order to heat the metal fabric to the desired temperature. 

20 After the heat treatment, the fabric is removed from contact with the moUing 

element and will substantially retain its shape in a drformed state. When the molding 
element 20 iUustrated in Figures 2-4 is used, the bolts (not shown) may be removed 
and the various parts of the molding element may be disassembled in essmtially the 
reverse of the process of assembling the molding element. If an internal molding 

2S section is used, this molding section can be rraioved in much the same fashion that it 
is placed within the generally tubular metal fabric in assembling the molding element 
20, as detailed above. Hgures SA and SB illustrate one embodiment of a medical 
device 60 which may be made using the molding element 20 of Figures 2-4. As 
discussed below, the device of Figure S is particulariy well suited for use in occluding 

30 a channel withm a patient's body and these designs have particular advantages in use 
as vascular occlusion devices. 
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The vascular occlusion device 60 of Figure 5 A includes a generally tubular 
middle portion 62 and a pair of expanded diameter portions 64. One expanded 
diameter portion is di^sed at either end of the generally tubular middle portion 62. 
In the embodiment shown in Figures 5 A and 5B, the ejqianded diameter portions 64 
include a ridge 66 positioned about midway along their lengths. 

The relative sizes of the tubular middle section and the expanded diameter 
portions can be varied as desired. In .this particular embodiment, the medical device is 
intended to be used as a vascular occlusion device to substantially stop the flow of 
blood through a patient's blood vessel. When the device 60 is dq)Ioyed within a 
patient's blood vessel, as detailed below, it will be positioned within the vessel such 
that its axis generally coincides with the axis of the vessel. The dumbbell-shs^ of the 
present device is intended to limit the ability of the vascular occlusion device 60 to 
turn at an angle with respect to the axis of the blood vessel to ensure that it remains in 
substantially the same position in which the operator deploys it within the vessel. 

Although the iUustrated embodiments of this invention only have two expanded 
(Uameter portions, it should be understood thai the device could have more than two 
such e;q>anded diameter portions. For example, if the device has three e^anded 
diameter portions, each expanded diameter portion is separated from at least one other 
expanded diameter portion by a tubular portion having a smaller diameter. If so 
desired, the diameters of each of the expanded diameter portions can be the same, but 
they need not be the same. 

In Older to relatively strongly engage the lumen of the blood vessel, the 
maximum diam^ of the expanded diameter portions 64 (which occurs along the 
middle ridge 66 in this embodimrat) should be selected so that it is at least as great as 
the diameter of the lumen of the vessel in which it is to be deployed, and is optimally 
slightly greater than that diameter. When it is deployed within the patient's vessel, the 
vascular occlusion device 60 will engage the lumen at two spaced-apart locations. The 
device 60 is desirably longer along its axis than the dimension of its greatest diameter. 
This will substantially prevent the vascular occlusion device 60 from turning within the 
himen at an angle to its axis, essentially preventing the device from becoming 
dislodged and tumbling along the vessel with blood flowing through the vessel. 



9601S91A1J > 



wo 96/01591 PCT/OS9S/08613 

- 17 - 

The relative sizes of the generally tubular middle poxtion 62 and expanded 
diameter portion 64 of the vascular occlusion device 60 can be varied as desired for 
any particular application. For example, the outer diameter of the middle portion 62 
may range between about one quarter and about one third of the maximum diameter of 
S the expanded diameter portions 64 and the length of the middle portion 62 may 

comprise about 20% to about 50% of the overall length of the device. Although these 
dimensions are suitable if the device 60 is to be used solely for occluding a vascular 
vessel, it is to be understood that these dimensions may be varied if the device is to be 
used in other applications, such as where the device is intended to be used simply as a 

10 vascular filter rather than to substantially occlude the entire vessel or where the device 
is dq>loyed in a different channel in a patient's body. 

The aspect ratio (i.e., the ratio of the length of the device over its maximum 
diameter or width) of the device 60 illustrated in Figures 5 A and 5B is desirably at 
least about LO, with a range of about 1.0 to about 3.0 being preferred and an aspect 

IS ratio of about 2.0 being particularly prefimed. Having a greater aspea ration will 
tend to prevent the device from rotating generaUy perpendicularly to its axis, which 
may be lefffled to as an rad over end roll. So long as the outer diameter of the 
expanded diameter portions 64 of the device is large enough to seat the device fairiy 
securely against the lumen of the channel in which the device is deployed, the inability 

20 of the device to turn cad over end will help keep the device dq}loyed precisely where 
it is positioned within the patient*s vascular system or in any other channel in the 
patient's body. Alternatively, having expanded diameter portions which have natural, 
relaxed diaineters substantially larger than the lumen of the vessels in which the device 
is dq>loyed should also suffice to wedge the device into place in the vessel without 

25 undue concern being placed on the aspect ratio of the device. 

The pick and pitch of Ae metal fsikmc 10 used in forming the device 60, as well 
as some other factors such as the number of wires raiployed in a tubular braid, are 
important in determining a number of the properties of the device. For example, the 
^ . greater the pick and pitch of the fabric, and hence the greater the density of the wire 

30 strands in the fabric, the stiffer the device will be. Having a greater wire density will 
also pro^dde the deviqe with a greater wire surface area, which will generally enhance 
the tendency of the device to occlude a blood vessel in which it is dqiloyed. This 
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throrobogenicity can be either enhanced, e.g. by a coaUng of a thrombolytic agent or 
by attaching silk or wool fabric to the device, or abated, e.g. by a coating of a 
lubricious, anti-thrombogehic compound. A variety of materials and techniques for 
enhancing or reducing thrombogenicity are weU known in the art and need not be 
detailed here. 

When the device is deployed in a patient's vessel, thrombi will tend to collect 
on the suifece of the wires. By having a greater wire density, the total surface area of 
the wires will be increased, increasing the thrombolytic activity of the device and 
permitting it to relatively rapidly occlude the vessel in which it is deployed. It is 
believed that forming the occlusion device 60 from a 4 mm diameter tubular braid 
having a pick of at least about 40 and a pitch of at least about 30" will provide 
sufficient surface area to substantiaUy completely occlude a blood vessel of 2 mm to 
about 4 mm in inner diameter in a suitable period of time. If it is desired to increase 
the rate at which the device 60 occludes the vessel in which it is deployed, any of a 
wide variety of known thrombolyUc agents can be applied to the device. 

Figures 6A-6C iUustrate an alternative embodiment of a medical device in 
accoidance with the present invention. This device 80 has a geneiaUy beU-shaped 
body 82 and an outwanUy extending forward end 84. One appUcation for which this 
device is particulariy weU suited is occluding defects known in the art as patent ductus 
arteriosus (PDA). PDA is essentiaUy a condition wherein two blood vessels, most 
commonly the aorta and pulmonary artery adjacent the heart, have a shunt between 
their hrniens. Btood can flow directfy between these two blood vessels through the 
shunt, compromisiiig the normal flow of blood through the patient's vessels. 

As explained more fully below in connection with Figure 8, the bell-shaped 
body 82 is adapted to be deployed within the shorn between the vessels, whUethe 
forwaid end 84 is adapted to be positioned within one of the two vessels to help seat 
the body in the shunt. The sizes of the body 82 and the end 84 can be varied as 
desired for differenUy sized shunts. For example, the body may have a diameter along 
its generaUy cylindrical middle 86 of about 10 mm and a length along its axis of about 
25 mm. In such a device, the base 88 of the body may flare generaUy radially 
outwartl unta it reaches an outer diameter equal to that of the forward end 84. which 
may be on the order of about 20 mm in diam^. 
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The base 88 desirably flares out relatively rapidly to define a shoulder tapering 
radially outwaitlly from the middle 86 of the body. When the device is dq)loyed in a 
vessel, this shoulder will abut the lumen of one of the vessels being treated. The 
forward end 84 is retained within the vessel and urges the base 88 of the body open to 

S ensure that the shoulder engages the wail of the vessel to prevent the device 80 from 
becoming dislodged from within the shunt: 

As detailed above, in making a device of the invention it is desirable to attach 
the ends of the wire strands forming the metal fabric 10 to one another to prevent the 
fabric from unraveling. In the illustrations of Figures 6A-6C, a clamp 15 is used to tie 

10 together the ends of the wire strands adjacent the front end 84 of the device. It is to 

be understood that this clamp 15 is simply a schematic illustration, though, and that the 
ends could be attached in other ways, such as by welding, soldering, brazing, use of a 
biocompatible cementitious material or in any other suitable fashion. 

The rearward ends of the wire strands are shown as being attached to one 

15 another by an alternative clamping means 90. This clamp 90 serves the same purpose 
as the sch^atically illustrated clamp 15, namely to interconnect the ends of the wires. 
However the clamp 90 also serves to connect the device 80 to a delivery system (not 
shown). In the embodiment shown, the clamp 90 is generally cylindrical in sha^ and 
has a recess for receiving the ends of the wires to substantiaUy prevent the wires from 

20 moving relative to one another, and a threaded outer surface. The threaded outer 

surface is adapted to be received within a cylindrical recess (not shown) on a distal end 
of a delivery device and to engage the threaded inner surface of the delivery device's 
recess. 

The delivery device (not shown) can take any suitable shapt, but desirably 
25 comprises an elongate, fl^ble metal shaft having such a recess at its distal end. The 
deliveiy device can be used to urge the PDA occlusion device 80 through the lumen of 
a catheter for dq>loyment in a channel of the patient's body, as outlined below. When 
the device is dq>loyed out the distal end of the catheter, the device will still be retained 
by the delivery device. Once the proper position of the device 80 in the shunt is 
30 confirmed, the shaft of the delivery device can be rotated about its axis to unscrew the 
clamp 90 from the recess in the delivery means. 
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By keq)ing the PDA device 80 attached to the delivery means, the operator 
could still retraa the device for repositioning if it is detennined that the device is not 
property positioned in the first attempt. This threaded attachment will also allow the 
operator to control the manner in which the device 80 is dq)loyed out of the distal end 

5 of the catheter. As explained below, when the device exits the cathetw it will tend to 
realiently return to a preferred expanded shape which is set when the fabric is heat 
treated. When the device springs back into this sh^, it may tend to act against the 
distal end of the catheter, effectively urging itself forward beyond the end of the 
catheter. This spring action could conceivably result in improper positioning of the 

10 device if the location of the device within a channel is critical, such as where it is 
being positioned in a shunt betweeai two vessels. Since the threaded clamp 90 can 
enable the operator to maintain a hold on the device during dq>loyment, the spring 
action of the device can be controlled and the operator can control the deploymMt to 
rasure pxoptc positioning. 

15 A PDA occlusion device 80 of this embodimOTt of the invention can 

advantageously be made in accordance with the method outlined above, namely 
deforming a metal fabric to generally conform to a molding surface of a molding 
element and heat treating the fabric to substantially set the fabric in its deformed state. 
Figure 7 shows a molding element 100 which may be suitable for forming a PDA 

20 occlusion device 80 such as that shown in Figures 6A-6C. 

The molding element 100 generally comprises a body portion 110 and an end 
plate 120. The body portion 110 is adapted to receive and form the body 82 of the 
device 80 while the end plate is ad2Q>ted to compress against the metal fabric to form 
the forward end M. The body portion 110 includes an elongate, generally tubular 

25 central segmmt 1 12 which is sized to receive the elongate body 82 of the device. The 
central s^rat 112 of the molding element 100 optimally has an internal diameter 
slightly less than the natural, relaxed outer diam^er of the tubular braid of which the 
device is formed. This compression of the braid will help yield devices with 
i^roducibly sized bodies 82. The forward end of the body portion 110 includes a 

30 back plate 114 which has a generally annular sidewall 116 depeoding downwardly 
therefrom. The sidewaU deflnes a recess 118 which is gaaeially circular in shape. 
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The end plate 120 of the molding element 100 has a generally disc-shaped face 
122, which desirably has a clamp port 124 approximately centered therein for 
receiving a clamp 15 attached to the metal f^ric, as noted above. The end plate also 
has an annular sidewall 126 which extends generally upwardly from the face 122 to 
5 define a generally cylindrical recess 128 in the end plate 120. The sidewall 116 of the 
body portion 110 is sized to be received within the recess 128 of the end plate. 

In use, the metal fabric is placed in the molding element and the body portion 
1 10 and the end plate 120 are brought toward one another. The inner face of the back 
plate 1 14 will engage the fabric and tend to urge it under compression generally 

10 nulially outwaitily. The fabric will then be enclosed generally within the recess 1 18 of 
the body portion and will gmerally conform to the inner surface of that recess. If one 
prevents the entire clamp 15 from passing through the clamp port 124, the fabric will 
be ^ced slightly away from the inner surface of the face 122, yielding a slight dome 
shape in the forward end 84 of the device, as illustrated in Figures 6. Although the 

15 illustrated embodiment includes such a dome-shaped forward end, it is to be 

understood that the forward end may be substantially flat (except for the clamp IS), 
which can be accomplished by allowing the clamp to be received entirely within the 
clamp port 124 in the end plate. 

Once the fabric is compressed in the molding element 100 so that it generally 

.20 conforms to the molding surface of the molding element, the &bric can be subjected to 
a heat treatment such as is outlined above. When tiie molding element is Cfpmed again 
by moving the body portion 110 and the end plate 120 away from one another again, 
the fabric will generally retain its deformed, compressed configuration. The device 
can then be colk^sed, such as by urging the clamps 15, 90 generally axially away 

25 from one another, which will tend to colkpse the device toward its axis. The 

coll2q)sed device 80 can then be passed through a catheter for dq>loyment in a channel 
in a padent*s vascular system. 

Figure 8 schematically iUustrates how a medical device 80 generally as outlined 
above can be used to occlude a patent ductus arteriosus. In this case, there is a shunt, 

30 referred to as a PDA above, which extends betwem a patient^s aorta A and the 
puhnonary artery P, The device 80 can be passed through the PDA, such as by 
keq)ing the device collapsed within a cath^r (not shown), and the forward end 84 of 
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the device can be allowed to elastically expand to substantially recover its thermally 
set, "remembered" shape from the heat treatment process, such as by urging the device 
distally to extend beyond the distal end of the catheter. This forward end 84 should be 
larger than the lumen of the shunt of the PDA. 

5 The device can then be retracted so that the forward cad 84 engages the wall of 

the pulmonary artery P. If one continues to retract the catheter, the engagement of the 
device with the wall of the pubnonary artery will tend to naturally pull the body 
portion 82 of the device from the cathet^, which will permit the body portion to 
return to its expanded configuration. The body portion should be sized so that it will 

10 frictlonally engage the lumen of the PDA's shunt. The device 80 will then be held in 
place by the combination of the friction between the body portion and the lumen of the 
shunt and the engagement between the wall of the pulmonary artery and the forward 
end 84 of the device. Over a relatively short period of time, thrombi will form in and 
on the device 80 and the thrombi will occlude the PDA, If so desired, the device may 

15 be coated with a suitable thrombolytic agent to speed up the occlusion of the PDA. 

Figures 9A and 9B are a side view and an end view, respectively, of yet 
another embodiment of the present invention. This device 180 can be used for a 
variety of applications in a patient's blood vessels. For example, if a fabric having a 
relatively high pidc (i.e. where the wire density is fairly great) is used in making the 

20 device, the device can be used to occlude blood vessels. In other sqjplications, it may 
serve as a fUter within a channel of a patient's body, either in a blood vessel or in 
another channel, such as in a urinary tract or biliaiy duct. In order to fiirther enhance 
or reduce the device's tendency to occlude the vessel, dq)ending on the application of 
the device a suitable known thrombogenic or antithrombogenic coating may be applied 

25 to the device. 

This filter 180 has a generally conical configuration, tapering generally radially 
outwaidly from its rearward end 182 to its forward end 184* A length of the device 
adjacrat its forwaid end is adapted to ragage the walls of a lumen of a channel. Hie 
maximum diam^er of the filter device 180 is therefore at least as large as the inner 

30 diameter of the channel in which it is to be positioned so that at least the forwaid end 
will engage the wall of the vessel to substantially lock the device in place. 
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Having a series of unsecured ends 185 of the wire strands adjacent the forward 
end of the device will assist in seating the device in the channel because the ends of 
the wires will tend to dig into the vessel wall slightly as the forward end of the device 
urges itself toward its fiilly expanded configuration within the vessel. Hie combination 

5 of the friction between the outwardly urging forward end of the device and the 

tendency of the wire ends to dig into the vessel walls will help ensure that the device 
remains in place where it is deployed rather than floating freely within a vessel to 
reach an undesired location. 

The meAod in which the device 180 of the invention is deployed may vary 

10 dq)ending on the nature of the physiological concUtion to be treated. For example, in 
treating an aiterio-venous fistula, the device may be carefully positioned, as described 
above, to occlude the flow of blood at a fiuriy specific location. In treating other 
' conditions (e.g. an aiterio-venous malformation), however, if may be desired to simply 
release a number of these devices upstream of the malformation in a vessel having a 

IS larger himen and simply allow the devices to drift ftom the treatment site to lodge in 
smaller vessels downstream. 

The decision as to whether the device 180 should be precisely positioned at an 
exaa location within the channel in a patient's body or whether it is more desirable to 
allow the device(s) to float to their final lodging site will deptnd on the size of the 

20 channels involved and tiie spedfic condition to be treated. This decision should be left 
to the individual operator to be made on a case-by-case basis as his or her experirace 
dictates; there is no one right or wrong way to dq)loy the device 180 without regard to 
the conditions at hand. 

In the embodiment shown in Figures 9A and 9B, the wall of the device exteids 

25 generaUy linearly from a position adjacent the clamp 90 and the other end of 

device, s^iDximating a conical shape. Due to the presence of the clamp 90, though, 
the end of the device inwnediately adjacent the clamp may deviate slightly from the 
cone shape, as indicated in the drawings. Alternatively, the wall may be curved so 
that the diameter of the device changes more rapidly adjacent the rearward end than it 

30 does adjacent its forward end, having an i^>pearance more like a rotation of a parabola 
about its major axis than a true cone. Kther of these embodiments should suffice in 
occluding a vessel with the device 180, such as to occlude a vessel. 



BNSOOCIO: <WO 96015©lAtJ_> 



WO9<M01591 PCT/US95A»613 

- 24. 

The ends of the wire strands at the rearward md 182 of the device are secured 
with respect to one another, such as by means of a threaded clamp 90 such as that 
described above in connection with Figures 6A-6C. Portions of the wire strands 
adjacent the forward end 184 may also be secured against relative movement, such as 
5 by spot welding wires to one another where they cross adjacent the forward end. Such 
a qK>t weld is schematically illustrated at 186 in Figures 9 A and 9B. 

In the embodiment illustrated in Figures 9, though, the ends of the wire strands 
adjacent the forward end 184 in the finished device need not be affixed to one another 
in any fashion. These strands are held in a fixed position during the forming process 

10 to prevent the metal fabric from unraveling before it is made into a finished device. 
While the ends of the wire strands adjacent the forward end remain fixed relative to 
one another, they can be heat treated, as outlined above. The heat treatment will tend 
to fix the shapes of the wires in their deformed configuration wherein the device 
generally conforms to a molding surface of the molding element. When the device is 

IS removed from contact with the molding element, the wires will rmin their shape and 
tend to remain intertwined* Accordingly, when the device is released from contact 
with the molding elraient, even if the ends of the wires are released from any 
constraint the device should still substantially retain its sbape. 

Figures lOA-lOC illust^ three suitable molds for use in forming the filter 180 

20 of Figures 9A and 9B. In Figure lOA, the molding elemmt 200 is a single piece 
which defines a pair of generally conical portions abutting one another. In another 
similar anbodimat (not shown), the molding element 200 may be generally ovoid, 
stuf>ed not unlike an American football or a lugby ball. In the embodimrat illustrated 
in Figure lOA, though, the molding element is a little bit less rounded. This molding 

25 eleoi^t comprises two conical segments 202 which abut one anottier at their bases, 
ddlning a larg^ diameter at the middle 204 of the element which can t^r relatively 
uniformly toward the ends 206 of the element 200. 

When the a tubular braid is used in forming this device, the tubular metal fabric 
may be allied to the molding element by placing the molding element within the 

30 tubular braid and clamping tfie ends of the braid about the molding element before 
cutting the braid to the desired length. In order to better facilitate the attachment of 
the clamps 90 to the ends of the tubular braid, the ends 206 of the molding, element 
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may be rounded, as shown, rather than tapering to a sharper point at the ends of the 
molding element. In order to ensure that the braid more closely conforms to the outer 
surlbce of the molding element 200, i.e. the molding element's molding surface, the 
natural, idaxed diameter of the braid should be less than the maximum diameter of the 
element, which occurs at its middle 204. This will place the metal fabric in tension 
about the middle of the element and, in combination with the clamps at the ends of the 
biaid, cause the braid to generally conform to the molding surface. 

Figure lOB illustrates an alternative molding element 210 for forming a device 
substantiaUy as shown in Figures 9A and 9B. Whereas the molding element 200 is 
intended to be received within a recess in the metal fabric, such as within the lumen of 
a length of tubular braid, the molding element 210 has an internal cavity 212 adapted 
to receive the fabric. In this embodiment, the molding element may comprise a pair of 
molding sections 214, 216 and these mold sections may be substantially identical in 
shape. Each of the molding sections 214, 216 generally comprise a conical inner 
surface 220 defined by a wall 222. Each section also may be provided with a 
graerally cylindrical axial recess 224 for receiving a clamp IS (or 90) carried by an 
end of the metal fabric. 

The two molding sections should be readily attached to one another with the 
larger, open ends 226 of the sections abutting one another. The mold sections can 
simply be clamped tog^er, such as by providing a reusable jig (not shown) which can 
be used to property position the secdons 214, 216 with respect to one another. If so 
desired, bolt holes 228 or the lite may be provided to allow a nut and bolt, or any 
similar attachment system, to be passed through the holes and attach the sections 214, 
216 together. 

In use, a suitably sized piece of a metal fabric, optimally a length of a tubular 
braid, is placed in the recess 212 of the molding element and the two molding sections 
214, 216 are urged toward one anodier. The fabric should have a relaxed axial length 
longer than the axial Iragth of the recess 212 so that bringing the secdons toward one 
another will axially compress the fabric. This axial compression will tend to urge the 
wire strands of the braid radially outwardly away from the axis of the braid and 
toward engagem»t with the molding surface of the element 210, which is defined by 
the surface of the recess 212. 
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Once the metal fabric is deformed to generally conform to the molding surface 
of either molding element 200 or 210, the fabric can be heat treated to substantially set 
the shape of the fabric in its deformed state. If molding element 200 is used, it can 
thai be removed from the interior of the metal fabric. If there is sufficient room 
between the resilient wire strands, the molding element can simply be removed by 
opening the web of wire strands and pulling the molding elemrait out of the interior of 
the metal fabric. If molding elwnent 210 is employed, the two molding sections 214, 
216 can be moved away fix)m one another and the molded fabric can be retrieved from 
the recess 212. D^nding on the shape of the molding surface, the resulting formed 
shape may resemble either a pair of abutting hoDow cones or, as noted above, a 
football, with clamps, welds or the like provided at either end of the shape. 

This shape can then be cut into two halves by cutting the wires in a direction 
generally perpendicular to the shared axis of the cones (or the major axis of the ovoid 
shsqpe) at a location about midway along its length. This will produce two sqjarate 
filter devices 180 substantially as illustrated in Figures 9A and 9B. If the wires 
strands are to be joined adjacent the forovard end of the device (such as by the 
weldments shown as 186 in Figures 9A and 9B), this can be done before the conical or 
ovoid shape is severed into two halves. Much the same net shape could be 
accomplished by cutting the metal fabric into halves while it is still carried about 
molding element 200. The separate halves having the desired sharpe could then be 
pulled apart from one another, leaving the molding elonent ready for forming 
additional devices. 

In an alternative raibodiment of this m^od, the molding element 200 is 
fonned of a material selected to permit the molding element to be destroyed for 
removal from the intaior of the metal fabric. For example, the molding element may 
beformedof a brittle or friable material, such as glass. Once the material has been 
heat treated in contact with the molding surface of the molding elemrat, the molding 
element can be broken into smaller pieces which can be readily removed from within 
the metal fabric. If this material is glass, for example, the molding dement and the 
metal fiibric can be struck against a hard surface, causing the glass to shatter. The 
glass shards can then be removed from the enclosure of the metal fabric. Tlie resultant 
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shape can be used in its generally conical shape, or it can be cut into two separate 
halves to produce a device substantially as shown in Figures 9A and 9B. 

Alternatively, the molding element 200 can be formed of a material which can 
be chemically dissolved, or otherwise broken down, by a chemical agent which will 
5 not substantially adversely affea the properties of the metal wire strands. For 

example, the molding element can be formed of a temperature-resistant plastic resin 
which is capable of being dissolved with a suitable organic solvent. The fabric and the 
molding element can be subjected to a heat treatment to substantially set the shape of 
the fabric in conformance with the surface of the molding element, whereupon the 

10 molding element and the metal fabric can be immersed in the solvent. Once the 

molding element is substantially dissolved, the metal fabric can be removed and either 
used in its current shape or cut into separate halves, as outlined above. 

Care should be taken to ensure that the material selected to form the molding 
element is capable of witiistanding the heat treatment without losing its shape, at least 

15 until the shape of the fabric has been set. For example, the molding dement could be 
formed of a material having a melting point above the temperature necessaxy to set the 
sbapt of the wire strands,' but below the melting point of the metal forming the 
strands. The molding element and metal fabric can then be heat treated to set the 
shape of the metal fabric, whereupon the temp^ature can be increased to substantially 

20 completely melt the molding element, thereby removing the molding elemrat frcmi 
within the metal fabric. 

It should be understood that the methods outlined immediately above for 
removing the metal fabric 10 from the molding element 200 can be used in connection 
with other slu^, as well. Although these methods may not be necessary or desirable 

25 if the molding element is carried about the exterior of the metal fabric (such as are 
elements 30-40 of the molding element 20 of Figures 2-4), if the molding element or 
some portion thereof is enclosed within the fonned metal fabric (such as the internal 
molding section of the molding element 20), these methods can be used to ^ectively 
remove the molding element without adversely affecting the medical device bdng 

30 fonned. 

Figure IOC illustrates yet another molding element 230 which can be used in 
forming a medical device such as that illustrated in Figures 9A and 9B. This molding 
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element comprises an outer molding secUon 232 defining a tapered inner surface 234 
and an inner molding section 236 having an outer surface 238 substantially the same 
shape as the tapered inner surface 234 of the outer molding section. The inner 
molding section 236 should be sized to be received within the outer molding section, 
5 with a piece of the metal fabric (not shown) being disposed between the inner and 
outer molding sections. TTie molding surface of this molding element 230, to which 
the fabric will generally conform, can be considered to include both the inner surface 
234 of the outer molding section and the outo- surface 238 of tiie inner molding 
section. 

10 This moldmg elemait 230 can be used with a metal fabric which is in tiie form 

of a tubular braid. If such a ftbric is used and a clamp 15 (not shown in tiiis drawing) 
or the like is provided to connect the ends of the wire strands adjacent one end of tiie 
device, a recess (not shown) analogous to Uie cavity 46 in tiie face of ttie compression 
disk 44 of molding element 20 (Figures 2-4) can be provided for receiving tiie clamp. 
15 However, tiie ptcsem molding element 230 can be used quite readUy witii a flat 

woven piece of metal fabric, such as is illustrated in Figure IB. In using such a 
febric, a suitably sized and sh^ied piece of fabric is cut; in using tiie molding elemeait 
230 to produce a device 180 analogous to tiiat shown in Figures 9A and 9B, for 
example, a generally disk-shaped piece of die metal fabric 10' can be used. The metal 
20 febric is tiien placed between tiie two sections 232, 236 of tiie molding element and tiie 
sections are moved togetiier to deform tiie fabric tiierebetweoi. After heat treatment, 
tiie ftbric can be lonoved and will retain substantially the same sh^ as it had whra it 
was deformed between the two molding sections. 

As can be seen by the discussion of the various molding elements 200, 210 and 
25 230 in Hgures lOA-lOC, it should be clear tiiat a number of different molding 

donaits may achieve essratially the same desired sh^. These molding elemraits 
may be received eotudy wWiin a closed segment of febric and rely on tension and/or 
compression of tiie fabric to cause it to goieially conform to tiie molding surface of 
tiie molding element, as witii tiie element 200 of Figure lOA. The molding element 
30 210 of Figure lOB substantially encloses the fabric widiin a recess in the mold and 
relies on compiession of tfie fabric (in tiiis case axial conqnesaon of a tubular braid) 
to deform tiie fabric to tiie desired omfiguration. Finally, flie fabric may be 
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compiessed between two coacting parts of the molding element to defom the fabric, 
such as between the two sections 232, 236 of molding element 230 in Figure IOC. 
Any one or more of these, techniques may be used in achieving a finished product 
iiaving a desired shape. 

5 Rgui^s 11 and 12 illustrate alternative embodiments of yet another medical 

device in accordance with tliis invention. Both Figure 1 1 and Figure 12 illustrate a 
vascular trap suitable for use in temporarily filtering embolic particles from blood 
passing through a patient's vascular system. Such a device will most frequently be 
used to filter emboli from a patient's blood when another medical procedure is being 

10 performed, such as by using the trap in conjunction with a rotating cutting blade 
during an atherectomy or with a balloon catheter during angic^lasty. It is to be 
understood, thwgh, that the trap could also be used in other similar applications, such 
as in charmels in patients' bodies other than their vascular systems. 

In the embodiment of Figures 1 1 A and 1 IB, the vascular trap 250 comprises a 

15 generally umbiella-shaped basket 270 carried adjacent a distal end of a guidewire 260. 
The guidewire in this embodiment includes a tapered distal section 262 with a ^irally 
wound coil 264 extoidii^ along a distal length of the wire: Guidewires having such a . 
distal end are conventional in the art. The basket 270 is positioned generally distally 
of the coil 264, arid is desirad)ly attached to the guidewire proximally of the proximal 

20 end of the tapered section, as shown. 

The basket 270 (shown in its collapsed configuration in Figure 11 A) includes a 
distal band 272 and a proximal band 274. The distal band may be made of a 
radiopaque material, such as gold, platmum or tungsten, and is affixed directly to the 
shaft of the giudewire 260. lliis attachment may be made by any suitable means, such 

25 as by welding, brazing or soldering. Alternatively, the distal band 272 may comprise 
a bead of a biocompatible cementitious material, such as a curable organic resin. If it 
is desired to increase the visibility of the band for fluoroscopic observation, a 
radiopaque metal or the like cad be imbedded in the cementitious material. The 
proximal band 274 may be formed of a hypotube sized to permit the tube to slide along 

30 the guidewire during dq>loyment. This hypotube may be made of a metallic material; 
a thin-walled tube of a NiTi alloy shoukl suffice. If so desired, the proximal band 
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may be formed of a more radiopaque metal, or a NiTi alloy band can have a 
radiopaque coating applied to its surface. 

The body of the device is formed of a nietal fabric, as explained above. The 
metal fabric of this embodiment is optimally initially formed as a tubular braid and the 

5 ends of the wires forming the braid can be attached together by means of the bands 

272, 274 before the fabric is cut to length. Much like the clamps 15, 90 noted above, 
these bands 272, 274 will help prevent the metal fabric from unravelling during the 
forming process. OThe method of forming the basket 270 is described below in 
connection with Figure 16.) 

10 When the device is in its collapsed state for deployment in a patient's vessel (as 

illustrated in Figure 1 1 A), the basket 270 wiU be collapsed toward the axis of the 
guidewire 260. The distal 272 and proximal 274 bands are ^aced away from one 
another along the length of the guidewire, with the fabric of the device extending 
therebetween. In a preferred embodiment, when the basket is in its coll^sed state it 

15 will engage the outer surface of the guidewire to permit the device to be deployed 
through a rdativdy small lumen of a catheter or another medical device, 

Wbra the device is deployed in apatient's vascular system, thef basket will take 
on an e7q>anded configuration Wherein it extends outwardly of the outer surface of the 
guidewue. As best seen in Figure IIB, the shape of the basket 270 when dq)loyed 

20 may generally resemble a conventional umbrella or parachute, having a dome-like 

structure curving radially outwardly from the guidewire moving proximally from the 
distal band 272, It is to be understood that other suitable shapes could easily perform 
the ^sired filtering function, such as a conical shape wherein the slope of the device 
changes more linearly than the smooth, rounded version shown in Figure IIB. It is 

25 also believed that a relatively flat, disc sh^ would also suffice. In this expanded 
configuration, the two bands 272, 274 are closer together, with the distal band 272 
optimally being spaced only a short distance irom the proximal band 274, as 
illustrated. 

In moving firom its collapsed state (Figure 11 A) to its expanded state (Figure 
30 IIB), the metal fabric turns in on itself, with a proximal portion 282 of the collapsed 
basket being received within the interior of a distal poition 284 of the colla|>sed basket. 
This produces a two-layered structure having a proximal lip 286 spaced radially 
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outwardly of the guidewire, defining a proximally-facing cup-shaped cavity 288 of the 
basket. When blood (or any other fluid) flows through the basket in a distal direction, 
any particulate matter in the blood, e.g. emboli released into the bloodstream during 
athereaomy or angioplasty procedures, will tend to be trapped in the cavity 288 of the 
S basket. 

The precise dimensions of the metal fabric can be varied as desired for various 
applications. If the device 250 is to be used as a vascular filter to tr^ emboli released 
into the blood, for example, the pores (i.e. the openings between the crossing metal 
strands) of the fabric are desirably on the order of about 1.0 mm. This is generally 

10 deemed to be the minimum size of any particles which arc likely to cause any adverse 
side effects if they arc allowed to float freely within a blood vessel. One would not 
want to make the pores too small, though, because the blood (or other fluid) should be 
free to pass through the wall of the basket 270. If so desired, the basket may be 
coated with a suitable anti-thrombogenic coating to prevent the basket from occluding a 

IS blood vessel in which it is deployed. 

When a fabric having 1.0 mm pores is used to form the bask^ 270 of this 
. . ' : embodiment of the invration^^ fcmhing process will reorient the wires relative to i 
one another and iri some ar^ (ei.g. adjacent the proximal lip 286) the pores will be 
larger than 1 .0 mm. However, because the basket's walls are forined of essentially 

20 two thicknesses 282, 284 of the fabric, the effective pore size of the device may be 
significantly reduced even at these locations. 

The device 250 may also be provided with tethers 290 for collapsing the basket 
270 during retraction. Hie bask^ may indude four independent tether wires, each of 
which extends proximally firom the proximal lip 286 of the dq>loyed basket. In a 

25 pief^ied embodiment, though, the four tether wires illustrated in the drawings are 
actually formed of two longer wires, with each wire extending peripherally about a 
portion of the proximal lip of the basket. These tether wires may be inteitwined with 
the wires of the metal fabric to keep the tethers in place during use. When the tethers 
are retracted or drawn down toward the guidewire, the wires extending along the 

30 proximal lip of the basket will tend to act as drawstrings, drawing the proximal end of 
the basket radially inwardly toward the guidewire. This will tend to close the basket 
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and entrap any material caught in the cavity 288 of the basket during use so that the 
basket can be retracted, as detailed below. 

The trthcr wires 290 may extend along much of the length of the guidewire so 
that they will extend outside the patient's body during use of the device 250. When it 
is desired to collapse the basket for retrieval, the operator can simply hold the 
guidewire 260 steady and retract the tethers with respect to the guidewire. This can 
tend to be relatively cumbersome, though, and may be too difficult to effectively 
accomplish without breaking the tethers if the device is deployed at a selective site 
reached by a tortuous path, such as in the brain. 

Accordingly, in the preferred embodiment shown in Figures 11 A and 1 IB, the 
tetheis 290 are attached to the guidewire 260 at a position spaced proximaUy of the 
baslat. The tethers may, for example, be attached to a metal strap 292 or the like and 
this strap 292 may be affixed to the shaft of the guidewire. When it is desired to close 
the pioximal end of tiie basket for retraction, an extranal catheter (not shown) can be 
urged distally towaid the basket 270. When the catheter encounters the radially 
extending tethers, the distal end of the catheter will tend to draw the tethers toward the 
'iguideWire as fliei^at^^ adyaiiced* wUph wiU, m torn proxiinal 
end 6f the tesicet closed. •■ 

ngiires 12A and 12B illustrate an alternative embodirnent of the device shown 
in Figures llA and IIB, with Figure 12A showing the device collapsed in a catheter C 
for deployment and Figure 12B showing the device in its deployed configuration. In 
the embodiment shown in Figures 12A and 12B. the basket 270 is formed substantially 
the same as outlined above m connection wifli Figures 11 A and IIB. In the 
embodiment of Figures 12, though, the distal band 272 is affixed to tiie guidewire 260' 
at the distal tip of tiie guidewire. The guidewire 260' is of the type referred to in tiie 
ait as a "movable core* guklewire. In such guidewiies, a core wire 265 is received 
witiiin tfie lumen of a heUcaUy wound wire coU 266 and tiie core wire 265 extends 
disiaUy beyond tiie distal end of tiie coU 266. A ttiin, elongate safety wire 268 may 
extend along tiie entire lumen of tiie coU 266 and tiie distal end of die safety wire may 
be attached to ttie distal end of tiie coU to prevent loss of a segmrait of tiie coil if tiie 
coil should break. 
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In the embodiment of Figures 11, the proximal ends of the tethers 290 are 
attached to a metal stisp 292 which is itself attached the shaft of the guidewiie 260. In 
the present embodiment, the tethers are not attached to the core wire 265 itself. 
Instead, the tethers are attached to the coil 266 of the guidewire. The tethers may be 
attached to the coil by any suitable means, such as by means of laser spot welding, 
soldering or brazing. The tethers 290 may be attached to the coil 266 at virtually an 
spot along the length of the coil. As iUustmted in these drawings, for example, the 
tethers may be attached to the coil adjacent the coil's distal end. However, if so 
desiied the tethers may be attached to the coil at a location ^ace more proximally 
from the basket 270. 

An external catheter such as that referred to in the discussion of Figures 1 1 A, 
but not shown in those drawings, is illustrated in Figures 12A and 12B. Once the 
basket 270 is dq)ioyed in a patient's vessel to substantially reach the e^qianded 
configuration shown in Figure 12B and the basket has performed its intended filtration 
function, the external catheter C can be urged distally toward the basket 270. As this 
catheter is uiiged foiward, the tethers will tend to be drawn into the distal end of the 
cathetbr, which is substiuitisdly narrower t^ the . basket. > T^ 

will tend t6 draw the tethers down toward iUie guidewiit and help close the basket, as 
e?(plained above. 

Figures 13-15 illustrate yet another alternative embodiment of a vascular trap in 
accordance with the present invention. This vascular trap 300 includes a basket 320 
received over a guidewire 310. In most respects, die basket 320 is directly analogous 
to the basket 270 illustrated in Figures 11-12. The basket 320 includes a proximal 
band 322 and a distal band 324. As in the embodimmt of Figures 12A and 12B, the 
distal band may be attached to the guidewire adjacent its distal end. If so desired, 
though, a structure such as is shown in Figures 11, wherein the guidewire extrads 
distaUy beyond the basket, could instead be used. 

As best seen in its collapsed state (shown in Figure 12A), the basket includes a 
distal segment 325 and a proximal segment 326, with the distal end of the distal 
segment being attached to the distal band 324 and the proximal end of the proximal 
segment being attached to the proximal band 322. When the basket 320 is in it 
expanded configuration (shown in Figure 12B), the proximal segment 326 is received 
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within the distal segment 325, defining a proximal Up 328 at the proximal edge of the 
device. The wall of the basket thus fonned also includes a cavity 329 for trailing 
solids entrained in a fluid, such as emboli in a patient's blood stream. 

The basket 320 of Figures 13-15 is also shaped a Uttle bit differenUy than the 
5 basket 270 of the previous drawings. The primary difference between these two 

baskets is that the basket 320 is a little bit shorter along its axis that is the basket 270. 
This different basket shape is simply intended to iUustrate that the basket of a vascular 
trap in accordance with the invention can have any of a wide variety of shapes and no 
particular significance should be attached to the sUghtly different shapes shown in the 

10 various drawings. 

In the vascular traps 250 and 250' of Figures 1 1 and 12, respectively, tethers 
were used to draw down the proximal end of the basket 270 to close the basket for 
retraction. In the embodiment shown in Figures 13-15, though, the trap 300 includes a 
basket cover 340 positioned proximally of the basket 320. The basket cover may also 
15 be formed of a mdallic tubular braid and is also adapted to be collapsed to lay 

geneiaUy along the outer surface of the guidewire 310. The cover 340 is not directly 
(waffixed to the guid^^ t*»Wgh, hut is instead inte^ided to. te slidaMe 

; ~ along the guidewire. As best s^n in Figures 13 and 14 wherein the coyer is in its ; , : 
collapsed state, the cover 340 includes a distal hypombe 342 and a proximal control 

20 hypotube 344, with the distal hypotube being attached to the distal end of the cover 
340 and the proximal control hypotube 344 being attached to the proximal end of the 

cover. 

The cover 340 is shown in its dq>loyed, e}q)anded configuraaon in Figure 15. 
As shown in that figure, the cover has a similar structure to that of the basket 320, but 

25 is oriented to be open distally rather that proximally, as is the basket. Asbestseenin 
Figures 13 and 14 wherein the cover is in its collapsed state, the cover has a distal 
segment 352 and a proximal segment 354. When the cover is dq)loyed by urging it 
dIstaUy out of the distal end of the deployment catheter C, the cover 340 will tend to 
resilienfly return to its expanded configuration and the distal hypotube 342 will sUde 

30 axially proximaUy along the guidewire toward the proximal control hypotube 344. 

This win invert the Collapsed cover so that the distal section 352 is generally received 
within the proximal section 354, definmg a distal lip 358 of the cover. 
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Hie proximal control hypotube 344 may extend along a substantial portion of 
the length of the catheter 310 so that it extends out of the patient's body when the 
device 300 is in place. By grasping the control hypotube and moving it relative to the 
guidewiie 310, an operator can control the position of the cover 340 with respect to 
5 the basket 320, which is affixed to the guidewires. As explained in more detail below 
in connection with the use of the device 300, once the basket has been deployed and 
has been used to filter objects entrained in the fluid (e.g. emboli in blood), the cover 
340 may be deployed and the trap may be drawn proximaUy toward the cover by 
moving the guidewiie proximally with respect to the control hypotube 344. 

10 The inner diameter of the distal lip 358 of the cover is desirably slightly larger 

than the outer diam^r of the proximal ]ip 328 of the basket. Hrace, when the basket 
is drawn proximally toward the cover it will be substantially enclosed therein. The 
cover will therefore tend to trap any emboli (not shown) or other particulate matter 
retained within the caviQr 330 of the bastet. A retrieval sheath S may then be urged 

15 distally to engage the outer surface of the cover 340. This will tisad to cause the cover 
to collapse about the basket, tightly engaging the outer surface of the basket. This 
: . somewhat collapsed struc^.^^ withdrawn fromft^ 

. iremb^ firoiii t^^^^ By enclosiiig the bsudcct within the ^ot^^ 

likelihood of any filtered debris within the basket being lost as the basket is retrieved 

20 will be substantially eliminated. 

The guidewire and the metal fabric can be of any diameter suitable for the 
intended application of the vascular trap 250, 250' or 300. In a preferred mibodiment, 
tiie guidewire is between about 0.014" and about 0.038" in diamet^ and the wires of 
the metal fabric used to form the basket (and the cover 340, if a cover is included) are 

25 between about 0.002" and about 0.006". The thickness of the metal bands (272, 274 
or 322, 324) also is desirably in the range of about 0.0Q2"-0.006". 

In one particulaily preferred embodiment intended to be used in narrower 
vessels such as those encountered in cerebral and coronary applications, the guidewire 
has an outer diameter of about 0.014" and the wires of the metal fabric are about 

30 0.002" in diameter. The metal bands ui this embodiment may also have a thidcness of 
about 0.002" so that they will not be substantially wider than the colls^sed basket. 
When the device is collapsed for dqiloyment through a catheter, it wiU have an outer 
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diameter of about 0.018", permitting the device to be used with catheters and other 
instalments adapted for use with a 0.018" guidewire. 

Figure 16 illustrates one embodimcait of a molding element 370 which may be 
used in making a basket 270. Although the basket 320 and cover 340 of the trap 300 
5 are shaped somewhat differently, an analogous molding element can be used for these 
portions of the tn^) 300 as well by simply modifying some of the dimensions of the 
molding element 370, but retaining the basic shape and stnicture of the molding 
d«nent. It also should be understood that the molding element 370 is merely one 
possible molding element for forming a shape such as that of the basket 270 and that 
10 any one of a variety of different molding elements wiU be apparent to those skUled in 
the art, as noted above in connection with Figures lOA-C. 

The molding element 370 has an outer molding section 372 defining a curved 
inner surface 374 and an inner molding section 376 having an outer surface 378 
substantially the same shape as the curved inner surface 374 of the outer molding 
15 section. The inner molding section 376 should be sized to be received within the outer 

molding section, with a piece of the metal fabric (not shown) being di^sed between 
: -4vi^^?^i^ s^OTS., In a ©n*o4l^^ the inne^ y 

^'^:l^374^bif^^ and the outer surfiace; 378 ^f j^ iimer molding ; ; 

section each include a recess (375 and 379, respectively) for receiving an end of the 
20 braid. The moUing surface of this molding dement 370, to which the fabric will 

gwieially conform, can be considered to include botfi the inner surface 374 of the outer 
molding section and the outer surface 378 of the inner molding section. 

In use, the two molding sections 372, 376 are spaced zpaxt from one another 
and a lengdi of a tubular braid of metal fabric (not shown in Figure 16) is disposed 
25 b^een these molding sections. Optimally, one end of tfie fabric is placed in tiie 

recess 375 of the outer molcQng section and die other end of tiie fabric is placed in the 
recess 379 in die inner molding section. The inner and outer molding sections can 
then be urged generally toward one another. As tiie ends of ttie wire approach one 
another, ttie tubular braid will tend to invert upon itself and a surface of the tubular 
30 biaid will generally conform to dther the inner surface 374 of tiie outer molding 
section or tiie outer sudace 378 of die inner molding section, arriving at a shape 
analogous to tiiat of tiie basket 270 of tiie traps 250, 250'. The two molding sections 
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can them be locked in place with respect to one another and the metal fabric may be 
heat treated to set the wires in this defonned configuration. 

The method in accordance with the present invention further includes a method 
of treating a physiological condition of a patient In accordance with this method, a 

5 medical device suitable for treating the condition, which may be substantially in 

accordance with one of the embodiments outlined above, is selected. For example, if 
a patent ductus arteriosus is to be treated, the PDA occlusion device 80 of Figures 6A- 
6C can be selected. Once the appropriate medical device is selected, a catheter may 
be positioned within a channel in patient's body to place the distal end of the catheter 

10 adjacent the desired treatment site, such as immediately adjacent (or even within) the 
shunt of the n>A. 

Medical devices made in accordance with the method of the invention outlined 
above have a preset expanded configuiation and a coll2q)sed configuration which allows 
the device to be passed through a cath^r. . The expanded configuration is generally 

IS deflned by the shape of the medical fabric when it is deformed to generally conform to 
the molding surface of the molding element. Heat treating the metal fabric 

V ; sists: the shs^^ thef wire ai^^ iroriM^J/re^ pos^i^ ;y 

• when tte fabric conforms to the moidiiig surface. Whra the imetil fabric is then 
removed ftom the molding element, the fabric may define a medical device in its 

20 preset wpanded configuration. 

The medical device can be collapsed into its coU^sed configuration and 
inserted into the lumra of the catheter. The collapsed configuration of the device may 
be of any shape suitable for easy passage through the lumen of a catheter and proper 
deployment out the distal end of the catheter. For example, the devices shown in 

25 Figures 5 may have a rdatively elongated colls^sed configuration wher^ the devices 
are stretched along thdr axes. This coIlq)sed configuration can be achieved simply by 
stretching the device generally along its axis, e.g. by manuaUy grasping the clamps IS 
and pulling ^em dpsat, which will tend to collapse the ejqpanded diameter portions 64 
of the device 60 inwardly toward the device's axis. The PDA occlusion device 80 of 

30 Figures 6 also operates in much the same fashion and can be coUs^sed into its 

collapsed configuratioh for insertion into the catheter by applying tension generally 
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along the axis of the device. In this regard, these devices 60 and 80 are not unlike 
"Chinese handcuffs", which tend to constrict in diameter under axial tension. 

Once the medical device is collapsed and inserted into the catheter, it may be 
urged along the lumen of the catheter toward the distal end of the catheter. This may 

5 be accomplished by using a guidewirc or the like to abut against the device and urge it 
along the cath^r. Whra the device begins to exit the distal end of the catheter, which 
is positioned adjacent the desired treatment site, it will tend to resiliently return 
substantially entirely to its preset expanded configuration. Superelastic alloys, such as 
nitinol, arc particularly useful in this application because of their ability to readily 

10 return to a particular configuration after being elastically deformed to a great extent. 
Hence, simply urging the medical device out of the distal end of the catheter tend to 
properly dq)loy the device at the treatment site. 

Although the device will tend to resiliently return to its initial expanded 
configui^on (i.e. its shapt prior to being collapsed for passage through the catheter), 

15 it should be understood that it may not always return entirdy to that shape. For 

example, the device 60 of Figure 5 is intended to have a maximum outer diameter in 

: ite^expMded o ■ 

^ If such a device is dq)loyed^^ 

v^sei having a small lumeri, the lumen wili prevent the device from completely 
20 retunung to its expanded configuration. Nonetheless, the device would be property 
deployed because it would engage the inner wall of the lumen to seat the device 
ther^, as detailed above. 

If the device is to be used to permanently occlude a channel in the patient's 
body, such as the devices 60 and 80 described above inay be, one can singly retract 
25 the catheter and remove it from the patient's body. This will leave the medical device 
dq)loyed in the patient's ^^iscular system so that it may occlude the blood vessel or 
other channel in the patient's body. In some circumstances, the medical device may be 
attached to a delivery system in such a manner as to secure the device to the end of the 
deUvery means, such as when the threaded clamp 90 shown in Figures 6 and 9 are 
30 attached to a distal end of the delivery means, as explained above. Before rwnoving 
the catficfcer in such a system, it may be necessary to detach the medical device ftom 
the delivery means before removing the catheter and the delivery means. 
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The devices of Figures 11-15 may be dq)loyed in tnucb the same fashion 
outlined above. However, these devices 250, 250' and 300 are advantageously 
dq)loyed for use in conjunction with another medical device and will most frequently 
be retracted from the patient's body after use. 

For example, any one of these devices are suitable for use in conjunction with a 
balloon angioplasty procedure. In such procedures, catheters having inflatable balloons 
at their ends, referred to as balloon catheters, are positioned within a blood vessel so 
that the balloon i^ positioned within a stenosis. These balloons are positioned by 
tracking the balloon cath^r along a guidewire or the like; the balloons typically have 
a central bore therethrough. Once the balloon is properly positioned, it is inflated and 
urges radially outwardly against the stenosis. This will tend to sque^ the stenosis 
against the walls of the vessel, improving patency of the vessel. 

When the stenosis is treated in this fashion, though, there is a risk that some 
dd)ris will break free and enter the blood flowing through the vessel. If left 
unchecked, ttiis embolus can drift downstream and embolize a distal portion of the 
vessel. DqjCTding on where the mbolus comes to iest» the embolization can result in 
sigfuficant tiSs^^^^^^ 

bdrohaiy'i^^ result in a myocanliid rinfah^ 

heart attack, and in neurovascular and interventional radiolbgical procedures tliie 
embolization can lead to a stroke or damage to biain tissue. 

In order to prevent, or at least substantially limit, such embolization, a. vascular 
trap 250, 250' or 300 of the invention can be used with the balloon catheter. The 
device should be sized to permit it to be passed through the lumen of the particular 
balloon cathet^ to be used in the angioplasty. 

In one embodiment of a method for using such a vascular tr^, the trap is 
dq[>Ioyed first. The basket (270 or 320) of the trap will be guided to a position located 
downstream of the desired treatment site through an introduction catheter (e.g. the 
catheter C in Figures 12-15). The basket is tiien urged distally beyond the end of the 
catheter, which wiU permit the basket to resilientiy substantially xetam to its e^qmnded 
configuration from its colU^sed configuration within the catheter. Once the trap is in 
place, the balloon catis^ can be exchanged for the introduction cathet^, and the 
balloon catheter can track the guidewire (260 or 310) of tiie vascular tn^. The 
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balloon can then be positioned within the stenosis and expanded, as outlined above. 
Once the angioplasty has been completed, the balloon can be deflated again and 
withdrawn proximally out of the patient. 

In an alternative embodiment of the present method, the balloon catheter can be 
used to perform the same function as performed by the introduction catheter in the 
pieceding embodiment In this embodiment, the balloon catheter is positioned in the 
patient's vessel so that the distal end of the balloon catheter is located downstream of 
the stenosis. The vascular trap (250, 250' or 300) of the invention is then passed 
through the lumen of the balloon catheter and the basket is urged out of the distal end 
of the catheter. The basket will resiliently substantially return to its preferred 
expanded configuration, whereupon the balloon catheter can be retracted along the 
shaft of the device's guidewire until the balloon is properly positioned within the 
stenosis. 

If so desired, the balloon catheter can instead be provided with a length of 
standard catheter extending distally beyond the distal end of the balloon. The balloon 
can thra be positioned within the stenosis and the basket can be urged out of the distal 

:;end:Of Jjie distil exterisiori pftte^ such m OTbodimeiitir^ t^^ l^gth qf the. ; . 

V distalibiS^idn sufficient to properly portion ttie bask^ with 

respect to the baUobh whwi the basket exits the distal end of the catheter. This will 
eliminate the need to pefrfonn the sq>arate stq) of retracting the balloon into position 
within the strabsis after the basket is dq)loyed. The balloon can then be expanded, 
deflated and withdrawn as described above. 

Much the same procedure can be used to dqploy a vascular trap of the invention 
for use in an atherectomy procedure. In such procedures, a cutting head is positioned 
at the distal end of an elongate, hollow shaft and the cutting head has a bore extending 
ther^hrough. The txdip can be dq)loyed in either of the methods outlined above, but it 
is anticipated that in most instances the first procedure will be used, i.e. the basket will 
be dq>loyed with an introduction catheter, which will be removed so that the cutting 
device can be guided ov^ the guidewire of the vascular trap. It should also be 
und^stood that the device 250, 250' and 300 could also be used iii other medUcal 
procedures in other bodily chaimels besides a patimt's vascular system. 
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Since the trap is positioned downstream of the stenosis, any debris released 
during the procedure will tend to drift distally toward the basket and be caught therein. 
In order to prevent any emboli from simply floating past the trap, it is preferred that 
the proximal Iq^ (288 or 328) of the basket be at least as large as the lumen of the 
vessel. In a preferred embodiment, the natural dimension of the proximal lip (i.e. 
where the basket has fiiUy returned to its expanded configuration) is somewhat greater 
than the vessel's inner diameter so that the basket will firmly engage the wall of the 
vessel. 

The method of retracting the basket will dqpend on which embodiment of the 
vascular trap is used, namely whether or not the device includes a cover 340. The 
device 250 or 250' of Figures 11 or 12, respectively, do not include such a cover. 
However, they do include tethers 290 which extend proximally from the proximal lip 
288 of the basket to an attachment to the guidewire. In either of these embodiments, a 
retrieval catheter can be introducied over the guidewire and uiiged di^ally toward the 
basket As explained above in connection with Figures 11 and 12, this will tend to 
draw the tethers down toward (he guidewire, effectively closing the proximal end of 
the teket is jiuffidentty cto^ 

the bksl^ disdd tip of the petrie\^^^c^ 

vascular tr^ can be retracted together from the patient's body. By substantkilly 
closing the proximal end of the basket in such a fashion, any emboli which are 
csq>tured in the basket when it is deployed can be r^ained within the basket until it is 
removed from the patient's body. 

If so desired, a balloon catheter or like devk:e can instead be used, with the 
baUoon catheter bdng used to draw down the tethers 290 and collapse the basket The 
vascular trap can then be withdrawn with the balloon catheter hitter than having to 
separately introduce a rmoval catheter to remove the trap. 

In withdrawing the embodiment Ulustrated in Figures 13-lS, the cover 340 is 
positioned ov^ the proximal lip of the basket before the vascular trap 300 is retracted. 
Once the medical procedure is completed and any debris has been captured in the 
basket, the cover 340 is allowed to resiliently substantially return to its e^qmded 
configuration. Once it is dq)loyed proximally of the basket, the bask^ 320 can be 
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drawn proximaUy towaid the cover 340 until it engages or is received within the 
cover, as noted above in connection with Figure 15. 

In actuality, the cover 340 may be unable to return to its full e3q>anded 
configuration due to the confines of the vessel in which it is dq)loyed. As explained 
previously, the cover 340 is desirably larger than the basket 320 so that the basket can 
be received withm the cover. However, the basket is optimaUy sized to engage the 
walls of the vessel to prevent the unwanted passage of emboli or other debris around 
the edges of the basket. Accordmgly, the distal lip 358 of the cover wiU engage the 
wall of the channel before it expands to its fiiU size. The walls of most bodily 
channels, such as blood vessels, trad to be somewhat elastic, though. The cover 340 
will theiefoiB tend to ui^e haider j^ainst the wall of the vessel than the smaDer basket 
and may stretch the vessel a little bit more than will the basket. In this fashion, the 
covM- may still be able to expand to a dimension large enough to permit the basket to 
be received in the cavity 356 of the cover. If not, the distal Up 358 of the cover can 
amply be brought into close eogagonent with the proximal lip 328 of the basket to 
geiieially seal the bask^. 

^ baslort wfthiri tite (Cover d^^^^l^^^^ prefenibly, by engaging t^^^^^^ 328 
of the cover and the basket, the device ban be withdrawii proximally from the patient's 
vascular Systran. The cover will tend to prevent any emboli caught in the basket 
during deployment ftom being inadvertently lost during withdrawal. 

The vascular traps 250, 250' and 300 of the present invention tiiercfore have 
distinct advanta^ over othw vasoilar traps or filters cunwrtty known in the art As 
expbaaea above, most prior art tn^s are (fifficult and expensive to form and cannot be 
leadUy collapsed for retrieval. The present invention, though, provides a method for 
making the vascular traps 250, 250' and 300 which is boUi relatively ine3q)ensive and 
less labor intensive, g^teraUy resulting in a more consistent product than prior art 
hand-foiming methods. Fuitheimoie, the stiucture of the device and the methods 
outlined above for removing the device wiU fairly reUably prevent the inadvertent 
dumping of ttappoi onboli back into the bloodstreain wMe the device is being 
removed. Since most prior art traps and Wters are much more difficult to use and are 
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more likely to dump filtered debris back into the bloodstream^ the present invention 
can be substantially safer than these prior art systems. 

While a preferred embodiment of the present invention has been described, it 
should be understood that various changes, adaptations and modifications niay be made 
therein without dqiaiting from the spirit of the invention and the scope of the appended 
claims. 
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WHAT IS CLAIMED IS: 

1. A tn^ for trapping particulate material entrained in a fluid witiiin a channel 
of a patient's body, comprising a guidewiie having a distal end and a basket canted by 

5 material ftom fluid passing therethrough and comprising a metal febric having first and 
second ends, at least one end of the febric bang ad^ted to sUde along the guidewire; 
the metal febric having a collapsed configuration wherein the first and second ends are 
spaced ftom one another a first distance along the guidewire and the meial febric has a 
first diameter, and an otpanded configuiation wherdn the first and second ends are 

10 spaced a second, shorter distance along the guidewiie and the metal fiibric has a 
second diameter, the first <Uameter being less than the second diameter. 

2. A trap for trapping particulate material entrained in a fluid within a channel 

of a patient's body, comprising a guidewire having a distal segment and a metal febric, 

the metal febric having a first end carried by the distal segment and a second end 

15 slidable along the guidewire, the metal febric bdng disposed adjacent the outer suifece 
of the guidewiie when &e second end is qaced proximally of the first end and 

3 The tr^ of daim 2 wherein the first en^ 
20 4. The trap of daim 2 wherein the metal febric is resilient and the second end 

wiU lesiliently dide toward the first end to define the particle tracing screen when the 

fabric is not constrained. 

5. The tn?) of daim 2 wherein a first length of the metal febric extending 

pioximaUy from the first end defines a distal surfece of the screen and a second length 
25 of the metal febric attending distally ftom the second end of tiie febric defines a 

proximal surfece of the screen. 

6. The trap of daim 5 wherein the screen is generally dome-shaped and the 
second length of the febric is lecdved within the first length of the febric. 

7. The trap of daim 5 wheran a central portion of the metal febric defines a 
30 proximally-fecing lip of the screen. 

8. The trap of daim 2 ftirther comprising a tether extending ftom said screen 
to the guidewire, the tether being attached at one end to the guidewire. 
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9. The trap of claim 8 wheidn the screen has a periphery, the tether 
comprising a wire attached at each end to the guidewire and extending about the 
p^hery of the screen such that when the teth^ is drawn inwardly toward the 
guidewire it will act as a drawstring to cdlapse the periphery of the screen towaid the 

S guidewire. 

10. the trap of daim 2 furtiier comprising a cover formed of a metal fabric, 
the cover being slidable along the guidewire from a first position spaced proximaliy of 
the screen toward a second position adjacent the screen. 

11. The trsp of claim 10 wherein the cover has two ends, the cover being 
10 disposed adjacent the out^ sur&ce of the guidewire when one md is spaced 

proximaliy of the other end and extending generally outwardly of the guidewire to a 
diameter at least as great as an outer diameter of die screm when one end of the cover 
is slid nearer the odier end. 

12. The trap of daim 10 wherein die screeii is generally dome-shaped and 
IS includes a proximally-fadng lip, the cover in an expanded configuration defining a 

recess sized to receive the lip of the screen. 
y:)I;.M\r • ' v/^i3ir of c^m 12''Wherbin^ diiajtiicitt'?|rW 

^^^^^^^^^ c^^ 

14. A method of trapping particulate matoial entrained in a fluid within a 
20 channel of a patient*s body, comprising: 

a) providing a metal fabric having a collapsed configuration wherdn it has a 
first diameter and an ejqianded configuration wherdn it has a second, greato* diameter 
and defines a proximaUy-fiidng particle-receiving cavity; 

b) colU^sing the metal fiibric into its collsQ>sed configuration and urging the 
25 metal fabric along said cbannd to a dqiloyment site; 

c) permitting the metal fabric to resilientiy substantially return to its expanded 
configuration; 

d) allowing tiie fluid to flow through the metal fabric to trap a portion of the 
particulate material in the cavity; 

30 e) at least partially dosing the metal fabric to retain die trapped particulate 

material is retained witiun a closed cavity; and 
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f) retracting the metal fabric along the channel with the particulate material 
retained within the coU^sed cavity. 

15. The method of daim 14 wherein the metal fabric in its collapsed 
configuration is urged along a catheter positioned within a lumen of the ch^el. 

16. The method of claim 15 wherdn the fabric is aUowed to substantially 
return to its expanded configuration by urging the fabric beyond the distal end of the 
catfieter. 

17. The method of daim 14 wherein the metal fabric is ctosed by urging a 
cover into engagement with a distal portion of the metal fabric to retain die particulate 
material within (he cavity. 

18. The method of daim 17 wherdn the cover has an expanded configuration, 
fiirtha: comprising the steps of collapsmg the cover, urging the cover along the channel 
to a position spaced proximally of tiie metal fabric, and allowing the cover to 
resiliently substantially return to its «panded configuration prior to urging tfie cover 
into ragagement with the metal fabric. 

19. The method of daim 14 wbsxcm the metal fabric is carried by a guidewire 
and ai leasat one tether extoids ift^om a pnndmall]^-&^g lip of the fabric prp^dmally to 
Wiijdd the^ iiiial iE^^ 

guidewire to draw the lip of t)ie metal faibric bwa^ 

20. The method of daim 19 vAierdn Ae trther is urged toward the guidewire 
by urging a sheath distally along the guidewire toward the metal fabric, the sheath 
having an lumen smaller than the lip of the metal fabric. 
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